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    Abstract: This study explores the level of mathematics teachers' technology integration self-efficacy and the extent to which some background variables influence this self-efficacy. The study adopted a survey design and collected data from 125 mathematics teachers in Dar es Salaam, Tanzania. Data analysis was done using a t-test, effect size, and one-way between-groups ANOVA. Teachers were found to have a moderate level of self-efficacy. Furthermore, findings suggest that gender and teacher training in technology integration both in college training and as part of professional development are important in influencing teachers self-efficacy in teaching with technology. The study recommends technology integration and gender to be mainstreamed in teacher education in order to develop self-efficacy in technology use.
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  Introduction


  Technology integration in education has been considered to be the driving force to the realisation of effective teaching and learning in the 21st century (Mtebe & Raphael, 2018; Wright & Akgunduz, 2018). It has been thought to possess an educational potential that fosters the transformation of the teachers role from the traditional one as a knowledge source or provider to a facilitator of the classroom activities (Kartal & Çinar, 2018; Li et al., 2018; Paraskeva et al., 2008). In developing countries such as Tanzania, policies have been put in place to guide and regulate the integration of technology in education (Mtebe & Raphael, 2018). This involves ways of enhancing investment and capacity building and ensuring effective and safe integration. In the report by the Ministry of Education, Science and Technology (MoEST) it is shown that facilities such as computers have been introduced in many schools (31.4%) throughout the country, ranging between one and 68 computers per school (MoEST 2017). Access to the internet has also been increasing, for example, the report points out that 20% of the schools that have computers are connected to the internet. In mathematics, the development and availability of local content that match the Tanzanian curriculum has also been increasing. Programmes such as MoMath and Halostudy, have been developed. Other online applications such as O-level Math Pro, tHL, Shule Direct, and many others are readily available. These increasing new technological devices, especially smartphones, applications, and programmes, and their increasing availability have transformed education provision (Wright & Akgunduz, 2018). In Tanzania, these efforts have been invested especially in mathematics to improve the teaching and learning of the subject. The subject has received considerable attention because students have been persistently performing poorly in their mathematics examinations for many years (Education Sector Development Committee, 2011).


  The increasing availability and access to technology resources opens opportunities for teachers to utilise them in their school practices. It has increased the demand for teachers to provide technology-integrated education (Wright & Akgunduz, 2018). However, improving the provision of education through the use of technology is not only about enormous investment in facilities such as computers, the internet, smart boards, and other technological devices but it is about facilitating students learning through such technologies (Wright & Akgunduz, 2018). Teachers are key in the realization of technology integration in teaching and learning (Li et al., 2018). If policy, programmes, and investment in technology keep teachers out of the integration process, pedagogical use of technology will be hampered (Akturk & Ozturk, 2019). However, the use of technology in education remained very low for years even in developed countries (Durak, 2019). Nevertheless, the situation has changed following the COVID-19 pandemic which necessitated the shift to online learning in many countries. Factors such as the availability of technology devices and internet access are probable causes in developing countries where they appear to be scarce (Mtebe & Raphael, 2018). Teacher factors including knowledge (Koehler & Mishra, 2009; Wright & Akgunduz, 2018) and attitudes (Durak, 2019) are also inhibitors. In developing countries such as Tanzania, teacher knowledge (Kafyulilo et al., 2015; Kafyulilo et al., 2013; Mtebe & Raphael, 2018) has been widely investigated.


  While there is substantial research on the knowledge for technology integration, the affective domain seems to have received little attention. When investigating factors that influence technology integration in teaching, consideration should be given not only to cognitive aspects but also to affective aspects (Joo et al., 2018). Whereas cognitive aspects explain what teachers know about technology and technology integration, their confidence and beliefs about their ability to apply such knowledge in various contexts are very important. This belief that they possess the ability to do is referred to as self-efficacy (Njiku et al., 2019) and impacts their actual integration (Njiku et al., 2020). However, teachers self-efficacy which has been widely discussed in the international literature to affect their use of technology in teaching (Akturk & Ozturk, 2019; Deepika et al., 2017; Durak, 2019; Giles & Kent, 2016; Joo et al., 2018; Njiku et al., 2019) has not been documented widely in developing countries such as Tanzania. For teachers to effectively use technology in the classroom, their belief about their ability to use technology is important. Expounding this view Karolčík and Čipková (2017) point out that successful integration of technology in teaching requires going beyond the building of technological infrastructure to strengthening teachers confidence in their ability to integrate modern technologies into their specific lessons. Access to technological infrastructures and tools only helps to address the first-level barriers that provide environmental readiness (Li et al., 2018). Second-level barriers such as teachers' readiness are also important (Durak, 2019) especially in the ever-increasing access to technology tools contexts (Mtebe & Raphael, 2018). This paper examines this readiness by exploring the level of mathematics teachers technology integration self-efficacy in Dar es Salaam-Tanzania, the factor that is important in determining the likelihood of integrating technology in their classroom. The paper intends to contribute to the literature on mathematics teachers level of technology integration self-efficacy and explore how such self-efficacy is related to teachers' professional training background and current practices.


  Conceptualising Self-Efficacy


  The concept of self-efficacy originates from social cognitive theory (Akturk & Ozturk, 2019), developed by Albert Bandura (1977) who defined self-efficacy as an individual judgment about their ability to arrange and perform tasks successfully. Bandura suggests that self-efficacy determines the initiation of coping behaviour, the effort that may be employed, and the sustainability of such efforts, especially in case of challenges and hindrances. As such he explains self-efficacy as a two-dimensional construct involving efficacy expectations (having confidence that a particular behaviour will lead to particular results) and outcome expectations (having confidence that one can perform certain activities leading to a particular result). Individuals' self-efficacy determines their thinking, feelings, behaviours, and motivations (Akturk & Ozturk, 2019). Researchers such as Joyce and Kirakowski (2013), Karolčík and Čipková (2017), and Li et al. (2018) use the concept of self-efficacy as synonymous to confidence which suggests they had a focus towards efficacy expectations rather than outcome expectations. For example, Joyce and Kirakowski (2013) use the "can-do" phrase in the psychometric scale, for example, I can learn to use mathematics software on my own. The review by Njiku et al. (2019) highlights that the two concepts are used interchangeably in literature especially when measuring teachers attitudes towards technology integration.


  Self-Efficacy in Technology Integration


  Teachers' self-efficacy refers to their personal beliefs about their abilities and skills as educational practitioners (Joo et al., 2018), especially in planning and accomplishing instructional objectives (Gavora, 2010). Self-efficacy is a trait that defines teachers position in terms of what they believe about their ability and skills. With reference to technology use, Schlebusch (2018) defines self-efficacy as peoples self-evaluation of their ability to use technology in order to reach their targeted objectives. Self-efficacy as one of a teachers personality traits that is important to the integration and development of new technologies in education (Paraskeva et al., 2008). The authors also emphasise individual factors that make up teachers' personalities, including self-efficacy in developing their potential regarding not only their professional prospects but also effective integration of technologies in their normal teaching practices. Having the necessary cognitive knowledge and skills in technology integration is not a guarantee for its success. It is important that teachers feel competent and secure in technology integration so that they may work to use and integrate technologies in the teaching process effectively and efficiently (Wright & Akgunduz, 2018).


  Oral (2008) points out that teachers self-efficacy in their ability to use computers affected their efforts to use technology in their teaching practices. In the study with pre-service teachers that examined the relationships between Technological Pedagogical and Content Knowledge (TPACK), teacher self-efficacy, perceived ease of use, perceived usefulness, and intention to use technology, Joo et al., (2018) found that teachers self-efficacy positively influenced their intention to use technology. In the study about the relationship between (TPACK), self-efficacy belief levels, and the usage of Web 2.0 applications, Wright and Akgunduz (2018) found that TPACK self-efficacy beliefs were positively related to the use of web 2.0 applications. In this case, self-efficacy beliefs were on more detailed teacher knowledge – TPACK, that is the extent to which teachers believed that they had the knowledge required to teach with technology. They also contend that more exposure to the use of these applications by teachers positively affects their TPACK self-efficacy. Whereas access to technology may have a low influence on the technology integration of teachers, the influence of their attitudes and self-efficacy beliefs in technology integration was high (Farjon et al., 2019). Technology integration self-efficacy has a high correlation with technological pedagogical content knowledge (Durak, 2019). As such the author suggested that to achieve effective technology integration it may be important to encourage and develop teachers TPACK, which influences the beliefs in practices for technology integration. Another study by Li et al., 2018) reported that self-efficacy was a predictor of teachers' general use of technology and integration of technology to facilitate either student-centred or traditional instruction. They contend that teachers confidence in technology use is directly related to their actual use of technology in teaching. Teacher education, both pre-service and in-service may influence teachers self-efficacy in technology integration (Durak, 2019; Li et al., 2018). However, this depends on whether such programmes have technology integration elements and the intensity of such integration (Durak, 2019). Similarly, Joo et al. (2018) contend that TPACK mediated between training programmes and teachers self-efficacy. While the importance and role of self-efficacy in technology integration are widely discussed in the literature, the level of such self-efficacy among mathematics teachers is not widely discussed especially in developing countries such as Tanzania. As such, focusing on technology integration capability beliefs, this paper is intended to answer the following research questions:


  
    	What is the level of mathematics teachers technology integration self-efficacy?


    	How do teacher demographic characteristics predict mathematics teachers self-efficacy in technology integration?


    	How do previous training experiences in technology integration relate to mathematics teachers self-efficacy in technology integration?

  


  Methods


  The study investigated mathematics teachers technology integration self-efficacy. The survey design was used for the study.


  Instrument


  The study investigated mathematics teachers technology integration self-efficacy. The survey design was used for the study. Data was collected using a questionnaire that was designed by the researchers inspired by self-efficacy items developed by Chou (1997), Hsiao (2011), and Lokken et al., (2003). However, as the items from this literature were more focused on computers in general, items with a focus on mathematics and mobile devices that are ubiquitously available and accessible to teachers in Tanzania were also developed. The new questionnaire was made of closed-ended survey items. Participants rated their perceived ability on a Likert scale of one to five whereby 1 – Strongly disagree, 2 – Disagree, 3 – Neutral, 4 – Agree, 5 – Strongly Agreed. The questionnaire was piloted prior to the study and its calculated Cronbach Alpha reliability coefficient for internal consistency α = .864 was obtained. The think-aloud technique was used to establish item content validity. Eleven items were dedicated to measuring teachers self-efficacy. Background variables included gender, educational level, experiences in years, college training in technology, college training in technology integration, and professional development in technology integration. So, there were seventeen items in total.


  Participants


  The Dar es Salaam region was selected for the reason that it has more technology facilities in the country (Mtebe et al., 2011). The study randomly selected 38 public secondary schools in the region. Public schools were chosen because they enrol the majority of the students in the country (MoEVT 2012). The questionnaire was distributed to all mathematics teachers in the selected schools. A sample of 149 mathematics teachers received the questionnaire, of these 125 (84%) participants returned the questionnaire. Of the 125, there were 80 male (64%) and 45 female (36%) mathematics teachers who participated in the study. The experience in teaching varied as 40 (32%) had 0-5 years, 48 (38.4%) had 6-10 years, 21 (16.8%) had 11-15 years, and 16 (12.8%) had more than 15 years. Teachers education levels were as follows; 48 (38.4%) diploma, 74 (59.2%) bachelors degree, 2 (1.6%) masters degree, and 1 (0.8%) who was not a teacher by profession. Teachers also had different backgrounds concerning their teacher training and professional development. In teacher training, 79 teachers (63.2%) studied computer courses, and 62 (48.8%) studied a course in technology integration. At work, 25 teachers (20%) had attended at least one professional development programme in technology integration.


  Data Analysis


  In this study, data were analysed using the Statistical Packages for Social Science (SPSS) version 20. Descriptive statistics, independent sample t-test, and one-way ANOVA were used in analysing the data. Where significant differences were detected, the effect size was also calculated. The descriptive statistics were dedicated to responding to our first research question where mean score ≤ 2 is low, between 2 and 4 is moderate, and ≥ 4 is high. The independent sample t-test was used to determine the difference between groups such as gender, and training in technology integration that teachers had received in relation to their self-efficacy. However, in determining the difference in teachers technology self-efficacy as a result of their education levels and experience in teaching, one-way ANOVA was used since there were more than two groups for these variables. The analysis tested the following hypotheses:


  
    	Male and female mathematics teachers have the same technology integration self-efficacy mean score.


    	Mathematics teachers who studied computer courses have the same technology integration self-efficacy mean score as those who did not.


    	Mathematics teachers who studied technology integration courses have the same technology integration self-efficacy score as those who did not.


    	Mathematics teachers who have participated in professional development programmes in technology integration have the same technology integration self-efficacy score as those who have not.


    	There is no significant difference in technology integration self-efficacy mean score between mathematics teachers of different teaching experiences.


    	There is no significant difference in technology integration self-efficacy mean score between mathematics teachers of different education levels.

  


  Findings


  The study was designed to investigate the level of mathematics teachers' technology integration self-efficacy. Also, it explored how teachers background characteristics such as their education level, experience in teaching, and various pieces of training affected their technology integration self-efficacy. To address the first research question, descriptive statistics were used. The mean scores for every item were obtained as detailed in Table 1. The overall mean score was seen to be moderate (M = 3.58, SD = 0.80).


  Table 1. Descriptive Statistics for Mathematics Teachers Technology Integration Self-efficacy (N = 125)


  
    
      	
        Item

      

      	
        Mean

      

      	
        SD

      
    


    
      	
        I am confident that I can help my students to use mobile phones to learn mathematics

      

      	
        3.42

      

      	
        1.03

      
    


    
      	
        I am able to type mathematics notes/exams using a word processor

      

      	
        3.67

      

      	
        1.09

      
    


    
      	
        I am able to connect a computer to a projector for a lesson

      

      	
        3.34

      

      	
        1.21

      
    


    
      	
        I am able to use mobile technologies to study mathematics

      

      	
        3.72

      

      	
        1.08

      
    


    
      	
        I am able to use a computer to simplify tedious mathematical work

      

      	
        3.39

      

      	
        1.18

      
    


    
      	
        I am able to learn mathematics using my mobile devices

      

      	
        3.86

      

      	
        0.96

      
    


    
      	
        I can learn mathematics using computer software (e.g., GeoGebra and spreadsheet)

      

      	
        3.36

      

      	
        1.15

      
    


    
      	
        I can learn to use mathematics software on my own

      

      	
        3.42

      

      	
        1.12

      
    


    
      	
        I am confident that I can use the internet to find any mathematics resources

      

      	
        3.87

      

      	
        0.94

      
    


    
      	
        I can learn a lot of mathematical concepts using technology

      

      	
        3.73

      

      	
        0.97

      
    


    
      	
        I consider myself capable of correctly incorporating technology in my teaching

      

      	
        3.55

      

      	
        0.97

      
    


    
      	
        Overall Self-efficacy

      

      	
        3.58

      

      	
        0.80

      
    

  


  To respond to our second and third research questions, we tested six hypotheses that were obtained after breaking down the research questions. The first hypothesis assumed there was no difference between male and female mathematics teachers in their technology integration self-efficacy mean scores. An independent sample t-test was used. It was found that there was a significant difference in mean scores on technology integration self-efficacy in favour of male teachers (M = 3.71, SD = .86) compared to female teachers (M = 3.34, SD = .62), t(123) = 2.80, p = .006. This total variance in scores was explained by a magnitude of eta squared = .06 which was moderate. The null hypothesis was rejected.


  The second hypothesis assumed that mathematics teachers who had studied computer courses in their teacher training have the same mean score as those who did not. An independent sample t-test was again used to test for any significant difference. There was a significant difference in technology integration self-efficacy mean scores of mathematics teachers where those who had studied computer literacy course had higher scores (M = 3.81, SD = .74) than those who did not (M = 3.17, SD = .74), t(123) = 4.58, p = .000. The effect size using eta squared was large = .15. The hypothesis was then rejected.


  The third hypothesis assumed that mathematics teachers who studied technology integration courses have the same technology integration self-efficacy scores as those who did not. The study found a significant difference between mean scores for teachers who had studied a technology integration course (M = 3.85, SD = .67) and those who had not (M = 3.31, SD = .83), t(123) = 4.02, p = .000. The magnitude of the variance in scores was explained by the moderate effect size of eta squared =.12. The assumed hypothesis was rejected.


  The fourth hypothesis assumed that mathematics teachers who have participated in professional development programmes in technology integration have the same technology integration self-efficacy score as those who have not. Once again, an independent samples t-test was seen as relevant to test for any significant differences. There was a significant difference in technology integration self-efficacy mean scores for teachers who had participated in professional development programme(s) (M = 4.00, SD = .66) and those who had not participated in such programmes (M = 3.47, SD = .80), t(123) = 3.09, p = .002, with moderate effect size of eta squared = .07. The hypothesis was rejected.


  The fifth hypothesis assumed that there was no significant difference in technology integration self-efficacy mean score between mathematics teachers of different teaching experiences. Since there were more than two independent groups, a one-way between-groups ANOVA with post-hoc tests was used. Participants were grouped according to their teaching experience in years (Group 1: 0-5, Group 2: 6-10, Group 3: 11-15, and Group 4: more than 15). The four groups were statistically significantly different at p < .05 [F(3, 121) = 3.66, p = .014]. The effect size calculated using eta squared was moderate = .08. Post-hoc comparisons were performed using the Tukey HSD test to determine which of the four groups differed significantly. Group 1 (M = 3.81, SD = .82) was significantly different (p = .02) from group 4 (M = 3.14, SD = 1.07). The other groups: group 2 (M = 3.46, SD = .63) and group 3 (M = 3.71, SD = .73) did not differ significantly (p = .62) from each other and from either group 1 (p = .13 and p = .94) or group 4 (p = .48 and p = .13). This led to the rejection of the null hypothesis.


  The sixth hypothesis assumed that there was no significant difference in technology integration self-efficacy mean score between mathematics teachers of different education levels. Of the four levels: Group 1: diploma, Group 2: bachelors degree, Group 3: masters degree, and Group 4 other qualifications that had at least one participant, the masters degree group had two participants, and the other groups had only one participant. Since post-hoc tests do not account for such groups because of the small number of participants, and it would not make sense to compare large groups to only two or one participant, one-way between-groups ANOVA where planned comparisons were used. The four groups were statistically different at p < .05 where [F(3,121) = 2.98, p = .034]. The effect size calculated using the eta squared was moderate = .07. When a comparison was done between Group 1 and Group 2 using planned comparisons, Group 1 (M = 3.34, SD = .87) was seen to be statistically different from Group 2 (M = 3.72, SD = .72). The assumed null hypothesis was rejected.


  Discussion


  This study was designed to investigate the level of mathematics teachers technology integration self-efficacy. It also investigated the effect of mathematics teachers' demographic characteristics such as gender, education level, experience in teaching, and training in technology on their self-efficacy. The self-efficacy level was seen to be moderate despite the increasing access to technology. Moreover, the standard deviations were high, indicating a large spread of scores from the mean in some cases. This suggests that the variability of self-efficacy among teachers is high. Whereas access to technology increases (Mtebe & Raphael, 2018), teachers self-efficacy has remained moderate. These findings are supported by Hsiao (2011) where most items had scores above three and below four as is the case in this study. Working with pre-service teachers, in contrast to the finding of this study, Giles and Kent (2016) and Kent and Giles (2017) found a high self-efficacy level among pre-service teachers after they received training in technology integration. Since teachers self-efficacy is believed to have an important influence on their technology integration (Li et al., 2018), efforts in developing teachers' confidence in their ability to integrate technology in teaching through professional development programmes in technology integration may be important.


  The study found that male mathematics teachers had a higher mean score of self-efficacy in teaching with technology than their counterpart female mathematics teachers. These findings are contrasted with findings by Scherer and Siddiq (2015) who found that despite male teachers having higher self-efficacy in basic and advanced computer skills, there was no significant difference between males and females in using computers for instructional purposes. Also, Keser et al. (2015) found that despite males having a higher mean score in self-efficacy than females, the difference was not significant. Evidence supporting gender differences in how people feel about using technology seems to remain conflicting (Joyce & Kirakowski, 2013). This not only suggests the need for further research but also the need to address gender parity.


  Teacher training informs a lot about teaching practices at school. In this study, it was found that in mathematics teachers' training background, both courses that were taken at teacher colleges and professional development programmes may have had an influence on teachers technology integration self-efficacy. The role of teacher education in technology integration self-efficacy as seen in this study is echoed by Deepika et al. (2017) and Kent and Giles (2017). The study by Kent and Giles (2017) that placed pre-service teachers in-field experience in classrooms found that the training in technology integration led to participants having a moderately high level of overall technology efficacy but moderate self-efficacy level for actual classroom implementation of technology integration. However, the study by Paraskeva et al. (2008) found no correlation between teacher training and their technology integration self-efficacy. The authors attributed this lack of correlation to the improper training of teachers. Therefore, teacher education both as initial training or as professional development may play an important role in increasing teachers beliefs that they can integrate technology in their teaching.


  Experience in teaching may also account for teachers' self-efficacy in technology integration. Surprising results were obtained in this study. Though teachers with less experience — Group 1 had the highest mean, Group 3 with more experience in teaching had a higher mean than Group 2. This suggests that self-efficacy neither increased nor decreased with experience. However, Group 1 significantly scored higher than group 4. Whereas Clausen (2007) argues that novice teachers often find it difficult to integrate technology in teaching, this study found their self-efficacy being higher than the rest of the groups. This may be because novice teachers are also likely to be millennials. Moore-Hayes (2011) argued that teaching experience highly informs teachers' technology integration self-efficacy. Comparing preservice teachers who had just completed courses in technology integration with in-service teachers, preservice teachers had lower self-efficacy than in-service teachers. However, the author pointed out that teachers with several numbers of teaching experiences may be challenged with rapid changes in technology in education.


  Education level was also seen to influence mathematics teachers technology integration self-efficacy. Only two groups of the four could be compared statistically since the other groups had too few participants. Teachers with bachelor's degree qualifications were seen to have higher self-efficacy in teaching with technology than those with diploma qualifications. Nevertheless, the landscape of teacher education in Tanzania is highly differentiated and this limits making conclusions simply based on the level of education. It is reported that the self-confidence experience while enrolled in college training may not authentically find utility beyond supervised contexts (Moore-Hayes, 2011). This may suggest, however, as argued by Clausen (2007) that the school context and support play a great role in determining teachers technology integration self-efficacy. Therefore, the finding of this study may not clearly explain the nature of the training programmes themselves. It only suggests that bachelor's degree holders felt more confident about technology integration than diploma holders.


  Limitation and Recommendation


  This study employed a survey design to obtain information for mathematics teachers in selected schools in Dar es Salaam. It involved a sample of 125 mathematics teachers which was enough for statistical manipulation. The studies did not collect qualitative data from teachers including observation of their practices of technology integration. This limited the kind of information and analysis that would inform on-the-ground practices. Future studies may use a mixed methods approach to investigate teachers integration of technology and various factors affecting such integration. Furthermore, the background information used, such as experience in years, was not grouped for differentiated analysis. This limited the range of statistical analyses techniques that would be used for the data especially in explaining how it relates to technology integration self-efficacy.


  The findings of this study imply that for effective technology integration multiple factors need to be considered. Self-efficacy in technology integration mediated between various factors including teacher training, gender, level of education, and experience. As self-efficacy plays important role in ensuring teachers integrate technology, professional development programmes must be designed and implemented to develop technology integration self-efficacy across the identified background factors.


  Conclusion


  Technology integration self-efficacy is a characteristic that determines the extent to which teachers are likely to integrate technology in their teaching. In this survey study, it was found that teachers' demographic characteristics influence their teaching of mathematics with technology self-efficacy. Since conflicting evidence can be found from the literature, particularly for gender and experience, further research may need to explore these factors in-depth. For practice, it may be concluded that there is a need to readdress gender issues and technology integration courses in teacher training so that all teacher trainees obtain an opportunity to develop confidence in technology integration especially in mathematics education. Professional development programmes in technology integration may also influence teachers self-efficacy as they continue to work and integrate technology in mathematics instruction. As various teachers backgrounds and demographic characteristics seem to influence their self-efficacy which in turn may influence their actual use in teaching, seemingly it is important to harness these factors.
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